The design of geotextile containers for dewatering applications typically requires good retention of the confined fill material solids. This becomes difficult to achieve when the fill material is fine grained and the pore openings are large. Furthermore, the proper retention becomes critical if the confined material is contaminated. Fly ash is one of the fine-grained geomaterials that exhibit behavior that is different from regular soils because of differences in its particle structure and chemical composition. A laboratory testing program was conducted to evaluate the retention performance of geotextiles with fly ash slurries. The results indicated that fly ash could be successfully retained by a variety of woven geotextiles and nonwoven/woven combinations. Results also showed that use of a double-layer geotextile system, rather than a single woven geotextile, significantly increases the retention capacity.
Introducton
Dewatering is the primary duty expected from a successful geotextile container. In previous studies, the evaluation of dewatering performance was mostly based on the amount and clarity of effluent dissipating from the container during its settlement. However, the hydraulic compatibility of a geotextile with the contact soil is also an important issue and should be considered in the design. This compatibility ensures long-term dewatering performance and is usually analyzed through laboratory soil filtration tests. The first requirement for ensuring hydraulic compatibility is that the geotextile should not be clogged during the dewatering process. The second requirement is that the soil piped through the geotextile be minimal (i.e., successful retention performance), so the internal stability and modulus of the soil are not adversely affected.
1998) as fill materials in geotextile containers. Retention becomes especially critical when these fill materials are contaminated, since some of the contaminants tend to adsorb onto soil solids due to their low solubility (e.g., polychlorinated biphenyls, or PCBs). Various criteria have been developed in the past for the selection of geotextiles. However, existing criteria have been developed for sands and clays, and they do not directly address the retention capacity of geotextile containers that confined nontraditional geomaterials (Moo-Young et. al. 2002) .
The objective of this study is to investigate the retention capacity of geotextile containers filled with fly ash slurries. A testing program that included filter press and hanging bag tests was implemented to meet this objective. Various woven geotextiles and woven/nonwoven geotextile combinations were tested with slurries of fly ash as part of the program.
Materials and Test Procedures
The Class F fly ash used in the study was obtained from Brandon Shores Power Plant located in Baltimore, Maryland. The water content of the material was 30%, and it was odor-free. The specific gravity of the material was 2.2. The optimum moisture content and maximum dry density of the material were determined as 25% and 12.8 kN/m 3 , respectively, by using the procedures outlined in ASTM D1557. The material was classified as ML according to the Unified Soil Classification System (USCS) and had a coefficient of uniformity of 12. Particle size analyses indicated that 85% of the fly ash passed the No. 200 (0.075 mm) U.S. standard sieve size. Four nonwoven and one woven geotextiles were used to filter the fly ash. The physical and hydraulic properties of the geotextiles are presented in Table 1 . Different combinations (nonwoven and woven) of these geotextiles were employed in the testing program to evaluate the efficiency of double-layer geotextile container systems.
The nonwoven geotextiles were selected from those most often used in filter applications and had a wide range of apparent opening size (AOS or O 95 ) and permittivity (ψ) values. On the other hand, the woven geotextile was selected based on its physical properties, such as wide width tensile strength. This is due to the fact that in a double-layer geotextile container system, the main purpose of the outer woven geotextile layer is strength, while that of the inner nonwoven layer is to provide filtration. The fly ash-geotextile specimens were subjected to American Petroleum Industry (API) filter press tests (Filz, et al. 2001, Aydilek and Edil 2002) and hanging bag tests. Currently, there is no standard test method for hanging bag tests, and the test setup used in this study followed the recommendations of the previous researchers (Fowler et al. 1994 , Fowler et al. 1996 , Zofchak 2001 . Details of the test procedures can be found in Kutay and Aydilek (2004) . 
Results and Discussion
The retention performance of the geotextiles was evaluated by comparing the amount of piped soil through the geotextiles in filter press and hanging bag tests. The percent piping that was used to quantify the retention performance of the geotextile combinations and single woven geotextiles is defined as:
where W i and W f are initial and final dry weights of the geomaterial retained above the geotextile, respectively. Fig. 1 shows the percentages of piping for a single-woven geotextile (W1) and its combinations with various nonwovens in filter press tests. The retention performance of a nonwoven/woven geotextile combination is usually governed by the permittivity of its nonwoven component regardless of the initial water content of the slurry. The results indicate that the retention performance can be significantly increased by using a proper nonwoven geotextile, since the combinations usually demonstrated much less piping than the single woven geotextiles.
The retention performance of W1 and its four combinations are evaluated in hanging bag tests and the results are given in Fig. 1 . The combinations exhibit much lower percent piping values than W1. The figure also shows that the percent piping generally decreases with decreasing permittivity of the nonwoven geotextile. The results of the hanging bag tests indicate that the effectiveness of container design depends on the correct selection of the nonwoven geotextile.
The permittivity of a geotextile may easily change during the dewatering process due to the intrusion of soil particles into the geotextile, especially in the presence of finegrained soils. This may affect the dewatering rate of the slurry inside the geotextile container. It is well known that permittivity is a function of geotextile thickness and, in general, thick geotextiles are expected to trap more soil particles than thin geotextiles due to their relatively low permittivities. In the case of double-layer geotextile containers, soil may get trapped between two fabrics (i.e., woven and nonwoven) or inside the nonwovens. To investigate this phenomenon, the amount of fly ash particles trapped inside the geotextile specimens during filter press tests are related to the geotextile thickness in Fig. 2 . The thicknesses of the combinations are taken as the summation of the thickness of their woven and nonwoven components. The amount of trapped fly ash solids generally increases with increasing geotextile thickness. This was true for all fly ash slurries prepared at three different water contents. 
Conclusions
The design of geotextile containers for dewatering applications necessitates hydraulic compatibility of the fill material with the geotextile. The excess migration of soil particles through a geotextile container may affect the internal stability and modulus of the fill material decreasing the shear strength of the consolidated mass. Therefore, sufficient retention performance is expected from a geotextile container. The excess piping phenomenon becomes more important when unusual and contaminated geomaterials, rather than natural soils, are in contact with the geotextile. A laboratory test program was undertaken to evaluate the retention performance of geotextile containers with fly ash slurries. Filter press and hanging bag tests were conducted on various woven/nonwoven geotextile combinations as part of the study. The results indicated that the retention performance of the geotextiles depends on the geotextile permittivity and thickness, and the initial water content of the slurry. Higher permittivities usually resulted in greater piping. The initial water content of slurry had a significant effect on the retention performance of a geotextile container. Higher initial water contents usually resulted in greater piping. The use of a double-layer nonwoven/woven geotextile rather than a single woven geotextile significantly increased retention performance of a geotextile container. In spite of their relatively higher permittivities, nonwoven geotextiles were more successful in retaining solids than the wovens due to their three-dimensional structure.
